Hereditary medullary thyroid carcinoma (MTC) is caused by germline mutations in the RET protooncogene, resulting in constitutive activation of the RET tyrosine kinase. A substantial proportion of sporadic MTCs also have RET mutations, making the RET tyrosine kinase a potential therapeutic target in MTC. We have established a transplantable MTC in nude mice from a sporadic human MTC carrying a RET C634R mutation. Transplanted tumors had an exponential growth rate with an approximate doubling time of about 3 weeks, and expressed a neuroendocrine phenotype characteristic of MTC, e.g., expression of calcitonin, chromogranin A (CgA), synaptophysin, synaptic vesicle protein 2 (SV2), vesicular monoamine transporter-1 and -2, carcinoembryonic antigen, cytokeratin 8/18, epithelial cadherin, and neural cell adhesion molecule. Plasma calcitonin and CgA levels were elevated in tumor-bearing mice and correlated with tumor size. Cytogenetic analysis, including spectral karyotyping, confirmed the human origin of the xenografted tumors and demonstrated an abnormal, near triploid karyotype. Treatment of tumor-bearing nude mice with the tyrosine kinase inhibitor ZD6474, which specifically inhibits RET, epidermal growth factor receptor (EGFR), and vascular endothelium growth factor receptor (VEGFR) tyrosine kinases, resulted in a dose-dependent inhibition of tumor growth. Oral ZD6474 given once daily (250 mg/kg, 5 days/week) reduced tumor volume to 11% when compared with controls after 4 weeks. Our results show that this transplantable MTC, designated GOT2, represents a novel and useful model for studies of MTC and RET tyrosine kinase-dependent tumor growth.
Introduction
Medullary thyroid carcinoma (MTC) accounts for 5-10% of all thyroid cancer. Most cases are sporadic but about 25% occur in patients with the multiple endocrine neoplasia type 2 (MEN2) syndrome (Brauckhoff et al. 2004) . Most patients with sporadic MTC present with metastatic disease. In these patients, curative surgery can be performed in less than half of the cases (Moley et al. 1998) . Since MTC originates from the C-cells of the thyroid, this tumor type lacks the iodine pump and cannot be treated with radioiodine. MTC is neither very sensitive to external radiation (Samaan et al. 1992) nor to chemotherapy (Wu et al. 1994) . The best response rate (15%) has been obtained with drugs used for other neuroendocrine tumors (Schlumberger et al. 1995) . In addition, radioimmunotherapy with radionuclides coupled to anti-carcinoembryonic antigen (CEA) antibodies has been attempted (Juweid et al. 1996) . Novel systemic treatment strategies are clearly needed for these patients.
Hereditary MTCs and a substantial proportion of sporadic MTCs harbor activating mutations in the RET tyrosine kinase (Eng 1999) . In MEN2A, mutations in RET are clustered in the region coding for the cysteinerich, extracellular domain of the receptor, and cause receptor dimerization and tyrosine kinase activation. The oncogenic activity of mutated RET has been demonstrated in cell culture and transgenic animals and represents an early oncogenic event in the development of MTC tumors (Kodama et al. 2005) . There is an apparent correlation between genotype and phenotype in MTC, and RET mutations can be stratified into different risk levels (Machens et al. 2001) .
Tyrosine kinases are crucial in the genesis of several malignant tumors. Activated tyrosine kinases stimulate cell proliferation, induce antiapoptotic effects, and promote metastasis formation and angiogenesis (Krause & Van Etten 2005) . There are several mechanisms for oncogenic activation of tyrosine kinases, e.g., overexpression of the tyrosine kinase due to gene amplification (ERBB2 in 25% of breast cancers; Slamon et al. 1989) , point mutation increasing the activity of the tyrosine kinase (KIT in gastrointestinal stroma cell tumor (GIST); Rubin et al. 2001) , and translocation leading to expression of a fusion oncoprotein with increased tyrosine kinase activity (BCR-ABL in chronic myeloid leukemia (CML); Warmuth et al. 1999) . Tyrosine kinase inhibition is a novel and highly effective treatment modality that has already gained widespread clinical use for specific tumor diseases (Gschwind et al. 2004) . In metastatic MTC with RET mutation, the tyrosine kinase is an attractive target for antitumor therapy (Leboulleux et al. 2004) .
The aim of the present study was to establish a model of human MTC in nude mice. Here, we report the characterization of a human MTC in nude mice and demonstrate rapid tumor regression after treatment with RET tyrosine kinase inhibitor. Our findings support earlier evidence that tyrosine kinase inhibition may be an effective therapy in patients with advanced MTC (Pützer & Drosten 2004) .
Material and methods

Case report
A 79-year-old man with no family history of thyroid tumors presented with dysphagia and a cervical mass that originated from a large tumor in the left thyroid lobe, also invading the contralateral lobe. Numerous lymph node metastases were present in the central and the lateral neck compartments as well as in the mediastinum, but no distant metastases were found. Calcitonin levels were markedly elevated to 1030 ng/l (reference value !20 ng/l) and carcinoembryonic antigen (CEA) was elevated to 47 mg/l (reference value !5 mg/l). An attempt at radical surgery was performed with total thyroidectomy and cervical lymph node dissection. Histopathological analysis revealed MTC with multicentric growth in both thyroid lobes and regional lymph node metastases. Immunocytochemical analysis confirmed the diagnosis of MTC with very high proliferation index for this tumor type (Tisell et al. 1997 , Ki67 positive in 28% of tumor cells; Table 2 ).
Establishment and propagation of tumor in nude mice
Tumor tissue from the patient was successfully transplanted to nude mice and the tumor cells in nude mice were designated GOT2 cells. The animal experiments were approved by the Ethical Committee for Animal Research at Göteborg University.
Briefly, 4-to 5-week-old BALB/cABom-nude female mice (Bomholtgaard, Ry, Denmark) were housed in cages with filtered air and fed and watered ad libitum. Two pieces of tumor tissue (1!1!2 mm each) from a cervical lymph node metastasis obtained at surgery were transplanted subcutaneously between the scapulae of each of 22 mice via a small incision, under anesthesia with 2.5% tribromoethanol intraperitoneally (Avertin). Gross tumor was developed in only one of the 22 xenotransplanted mice after 3 months. Tumor tissue from this mouse was propagated by renewed transplantation of two pieces of tumor tissue (1!1!2 mm) to each of 25 animals. In this second generation, the take rate was 40%. GOT2 cells grew slowly and the time from transplantation to visible tumor was about 3 months. Thus, experiments were performed 4-6 months after transplantation. The experimental model has been maintained by serial transplantations, as described above, over more than 5 years and 10 tumor generations. Tumor size in nude mice was monitored regularly with gauge blocks (longest diameter and one or two perpendicular diameters). Tumor volumes were calculated by assuming that the tumors were spheroid (VZ4pr 1 r 2 r 3 /3).
Assays of CgA and calcitonin
At the end of the experiments, about 0.5 ml plasma was collected from each animal and stored at K70 8C until assayed. Plasma levels of human chromogranin A (CgA) were determined by competitive RIA using polyclonal antisera against fragments of human CgA (Ö berg & Stridsberg 2000) . Calcitonin was measured with an automated immunoassay system (Nichols Advantage, Nichols Institute Diagnostics, San Juan Capistrano, CA, USA). 
Immunocytochemistry
Biopsies from tumors obtained at surgery (primary tumor) and from nude mice were fixed in 4% buffered formalin for 4-24 h and subsequently dehydrated and embedded in paraffin wax. Deparaffinized sections were subjected to antigen retrieval prior to incubation with primary antibodies overnight at 4 8C (Tables 1  and 2 ). Bound antibodies were visualized by indirect immunoperoxidase technique (EnVision and LSABC, DAKO A/S, Glostrup, Denmark) with diaminobenzidine (DAB) as chromogen.
Electron microscopy
Tumors from transplanted nude mice were fixed in 2.5% glutaraldehyde in 0.1 M sodium cacodylate buffer (pH 7.2) for 24-48 h and postfixed for 1 h in 1% osmium tetroxide. After dehydration, the specimens were embedded in epoxy resin. Ultrathin sections were placed on copper grids and contrasted with uranyl acetate and lead citrate before examination in a Philips CM12 electron microscope.
Cell culture
Tumor tissue from generations II, IV, and IX were prepared for cell culture as previously described (Nilsson et al. 1998) . Tumor cells were maintained in culture for 2-4 weeks before fixation in 4% paraformaldehyde in phosphate buffered saline. Following preincubation with 5% nonfat milk, cultures were incubated overnight at 4 8C with primary antibodies (Table 1) . Labeling was visualized using biotinylated secondary antibodies and then streptavidin-FITC. Cells were viewed and photographed using a Nikon Eclipse E800 fluorescence microscope.
Western blot
Proteins were extracted from tumor biopsies and cultured cells as previously described (Jakobsen et al. 2002) . Briefly, tumor biopsies (w20 mg) and cell culture lysates (w20 million cells) were homogenized, sonicated, and centrifuged. Proteins were electrophoresed, transferred to blotting membranes, and incubated with primary antibodies (Table 1) at 4 8C overnight. Alkaline phosphatase-conjugated secondary antibodies were applied after washing of the membranes and the immunoblots were visualized using, ECL film (Amersham Pharmacia Biotech, Buckhamshire, UK).
Cytogenetic and spectral karyotype (SKY) analyses
GOT2 cells were harvested as previously described (Nordkvist et al. 1994) . Slides were subsequently G-banded and analyzed according to the guidelines of ISCN 1995) . At least 15 metaphases were karyotyped. SKY analysis was performed on slides aged 2-5 days. The conditions for pretreatment, hybridization, posthybridization washes, and detection were essentially as recommended by the manufacturer (Applied Spectral Imaging Ltd, Migdal Ha'Emek, Israel). Image acquisition was achieved with the SpectraCube system (ASI) mounted on a Zeiss Axioplan 2 imaging microscope equipped with a custom-designed optical filter cube (SKY-1; Chroma Technology, Brattleboro, VT, USA) and a 4 0 ,6 0 -diamidino-2 0 -phenylindole dihydrochloride (DAPI) filter (Schrock et al. 1996) . Analysis of spectral images was performed using SkyView software (ASI) and 30 metaphases were analyzed in detail.
Fluorescent in situ hybridization (FISH) analysis was performed on metaphase chromosomes using an alpha satellite probe specific for chromosome 1 (Vysis Inc., Downers Grove, IL, USA). Chromosomes were counterstained with DAPI. Fluorescence signals were digitized, processed, and analyzed using the PowerGene FISH image analysis system (Applied Imaging International Ltd, Newcastle-Upon-Tyne, UK).
Mutational analysis
The RET gene was analyzed in the following tissues from the patient: normal (lymph node) and MTC tissues (primary tumor and lymph node metastases). The RET gene was also analyzed in tumor tissues from transplanted nude mice. Genomic DNA was extracted from frozen tissues using the Fast DNA kit (cat. no. 6540-400; Q-BIOgene, Carlsbad, CA, USA) and paraffin-embedded tissues using the QIAamp DNA mini kit (cat. no. 51304; Qiagen GmbH, Hilden, Germany). Exons 10, 11, 14, and 16 of the RET gene were subjected to PCR amplification using the AmpliTaq Gold kit (cat. no. N808-0241; Applied Biosystems, Foster City, CA, USA). The following primers were used: exon 10, forward primer: 5 0 -GCA GCA TTG TTG GGG GAC A-3 0 ; reverse primer: 5 0 -GAC AGC AGC ACC GAG ACG AT-3 0 ; exon 11, forward primer: 5 0 -CAT GAG GCC GAG CAT ACT CAG CC-3 0 ; reverse primer: 5 0 -CAG ACA GCA GCG CCG AGA CGA TG-3 0 ; exon 14, forward primer: 5 0 -TGG CTC CTG GAA GAC CCA AG-3 0 ; reverse primer: 5 0 -TGG CTG GGT GCA GAG CCA TA-3 0 ; exon 16, forward primer: 5 0 -GTT CTG TGC CCA GGA GTG TCT A-3 0 ; reverse primer: 5 0 -GGT GTT TCT GTA ACC TCC ACC C-3 0 . Amplified exons were sequenced on an ABI PRISM 310 Genetic Analyzer (Applied Biosystems) using the Big Dye Terminator sequencing kit (cat. no. 433-7450; Applied Biosystems).
Treatment of tumor-bearing nude mice with tyrosine kinase inhibitor ZD6474
The effect of tyrosine kinase inhibitor ZD6474 on tumor growth was evaluated in tumor-bearing animals. ZD6474 inhibits vascular endothelium growth factor 2 (VEGFR-2), RET and epidermal growth factor receptor (EGFR) tyrosine kinases with an IC 50 of 40, 
Immunocytochemical staining was graded as: K, !1%; C, 1-24%; CC, 25-75%; CCC, O75% positive tumor cells respectively.
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www.endocrinology-journals.org 150, and 500 nM respectively (Carlomagno et al. 2002b , Ryan & Wedge 2005 . ZD6474 (N-(4-bromo-2-fluorophenyl)-6-methoxy-7-[(1-methylpiperidin-4-yl)methoxy]quinazolin-4-amine) was provided by AstraZeneca and formulated as a 2.75 or 11 mg/ml suspension in 1% Polysorbat 80. According to clinical phase I studies, doses of up to 300 mg/day are well tolerated and are used in further clinical trials (Heymach 2005) . Corresponding mouse plasma levels are achieved with doses of 25-100 mg/kg per day (Gustafson et al. 2006) .
Daily dosage experiments
Sixteen animals (generation V) were divided into three groups with similar distribution of tumor sizes: a) a high daily dose group receiving 100 mg/kg body weight (nZ6), b) a low daily dose group receiving 25 mg/kg body weight (nZ6), and c) a control group receiving vehicle alone (nZ5). The suspension was administered by oral gavage, 5 days a week for 5 weeks. Body weight and tumor size were measured 1-2 times per week. After 10 days of treatment, two animals in the treatment groups and one animal in the control group were killed for histological examination of tumor and normal tissues. In the control (day 4) and the high-dose groups (day 8), one animal per group was killed because of signs of illness (convulsions and extreme weight loss respectively).
Weekly dosage experiments
Seventeen animals (generation VIII) were divided into three groups with similar distribution of tumor sizes: a) a high weekly dose group receiving 250 mg/kg body weight (nZ6), b) a low weekly dose group receiving 100 mg/kg body weight (nZ6), and c) a control group receiving vehicle alone (nZ5). The suspension was administered by oral gavage, once a week for 4 weeks. Body weight and tumor size were measured 1-2 times per week. In the control group, one animal was killed because of large tumor burden after 16 days.
At the end of the experiments, the animals were carefully examined, and plasma and tumor tissues were collected for analysis of biochemical markers and morphological findings.
Statistical analysis
The correlations between GOT2 tumor weight and mouse plasma levels of CgA and calcitonin were tested by Spearman's rank correlation test. For analysis of the therapeutic effect of ZD6474 on GOT2 tumors in vivo, the tumor volumes in the treatment groups were compared with those in the control group using the Mann-Whitney test.
Results
Propagation of GOT2 cells in nude mice
GOT2 cells, xenografted to nude mice, were successfully propagated for 10 generations over more than 5 years. The transplantation take rate for the later generations was approximately 85%. Since GOT2 cells have a slow growth rate, it took about 3-4 months after grafting before tumors could be observed. The estimated doubling time (volume) was about 3 weeks (Fig. 1) .
The neuroendocrine phenotype of GOT2 cells
The growth pattern of GOT2 cells was very similar to that of the original tumor with tumor cells growing in nests and ribbons. The preserved phenotypic properties were further confirmed by immunohistochemistry (Table 2, and Fig 2) and by Western blot analysis (Fig. 3) . As expected, there was strong labeling for calcitonin, CEA, and CgA in both the primary tumor and GOT2 tumors, while tumor cells were negative for thyroglobulin and somatostatin. The neuroendocrine differentiation was well maintained with almost identical positive labeling for vesicular monoamine transporter 1 (VMAT1), synaptophysin (SY), and SV2. Ultrastructural analysis of transplanted tumors showed tumor cells with abundant cytoplasm containing numerous dense-core granules measuring 100-300 nm in diameter (Fig. 4) . Plasma levels of both CgA and calcitonin were strongly correlated with MTC tumor burden (P!0.001; Fig. 5 ). The mouse plasma levels of CgA in this MTC model were about 25 nM/g tumor, which was in the same range as in our midgut carcinoid model with GOT1 cells xenografted to nude mice (Kölby et al. 2004) . 
Karyotypic characteristics of GOT2 cells
Cytogenetic and SKY analyses revealed that the GOT2 cells had a complex karyotype with both structural and numerical abnormalities. The chromosome counts were in the triploid-hypotriploid region with a modal number of 69 (range 64-69). Detailed comparison of the G-banded karyotypes with the SKY karyotypes allowed us to resolve all marker chromosomes and map the breakpoints in all markers precisely. The GOT2 cells had the following karyotypes: 69, XX, KY, der(1)t(1;11)(p36;q13.5)!2, der(1)t(1;5)(p13;p12-13),C2, K3, K5,C6,C7, K9,C10, i(10)(p10)!2, K13, K15,C16, del(16)(q12-13)!2, K17, i(17)(q10)!2,C19,C20, K21, K22 (Fig. 6) . FISH analysis confirmed that the der(1)t(1;5) marker had a centromere derived from chromosome 1. The karyotypic variation between individual cells was limited and consisted mainly of random losses of whole chromosomes. No cells with a normal karyotype were found. 
RET mutations in GOT2 cells
Nucleotide sequence analysis of the MTC tumor (primary and lymph node metastasis) from the patient revealed a homozygous RET mutation in exon 11 affecting codon 634, where cysteine had been substituted with arginine, C634R. This mutation was also found in the GOT2 tumors in which expression of RET was confirmed by western blot and immunofluorescence (Fig. 7) . Mutational analysis of normal tissue from the patient (lymph node) demonstrated no RET mutation.
Antitumor effect of ZD6474 on GOT2 xenografted to nude mice
The antitumor effect of ZD6474 was tested in nude mice xenografted with GOT2 cells. With the daily (5 days/week) dose regimen, significant (P!0.05) tumor regression was seen in the high daily dose group (100 mg/kg per day). Tumor volume was reduced to 30% of the initial tumor volume and to 11% of that of the control group and the low daily dose group (25 mg/kg per day) after 5 weeks of treatment (Fig. 8) . With the daily dose regimen, there was a decrease in animal weight by 1.5-2 g in both treatment groups and controls over the 5-week study period. At the end of experiments, plasma levels of CgA were significantly reduced (P!0.05) in the high daily dose group dose relative to the control and the low daily dose groups.
To test whether a different dose regimen would have a less adverse effect on animal weight, a second set of experiments was performed in which GOT2-bearing mice were given peroral ZD6474 at two different doses, once a week. With this dose regimen, there was no significant reduction in animal weight in any group over the 4-week study period. In the high weekly dose group (250 mg/kg per week), tumor volume was significantly reduced (P!0.05) to 56% of the initial tumor volume and to 21% of that of the control group and 56% of that of the low weekly dose group after 4 weeks of treatment.
Microscopic evaluation of tumors in ZD6474-treated animals revealed widespread areas of necrosis in the high daily dose and high weekly dose groups, while tumors in animals from the low daily dose group, the low weekly dose group and the control group contained no or only very limited areas of necrosis (Fig. 9) .
Discussion
To be able to evaluate new treatment strategies, reliable models of human MTC are required. Here, we present a xenograft mouse model of human MTC, which has the characteristic morphology of MTC including expression of calcitonin, CEA, CgA, and other neuroendocrine tumor markers. Like the parental tumor, the GOT2 cells have a mutated RET gene (C634R) the expression of which was confirmed by western blot and immunofluorescence.
Cytogenetic and SKY analyses of GOT2 cells showed that they were of human origin and had an abnormal, near-triploid karyotype. Most of the rearrangements were unbalanced, leading to losses and gains of specific chromosome segments. Using a combination of G-banding, FISH, and SKY, we were able to determine the composition of all markers. The karyotypic profile of GOT2 was consistent with a tumor in the late stage of progression. Recently, we became aware that a diagnostic cytogenetic analysis was performed on a needle biopsy from the patient at the time of diagnosis in March 2001. At that time, the tumor had a hypertriploid karyotype with the following marker chromosomes: 1pC (x2), 1pK (x2), 5qK, 7qC, i(10p) (x2), 15qC. Since no FISH or SKY analyses were performed, the exact chromosomal composition of these markers remained unknown. Of the original marker chromosomes, the 1pC, 1pK, and the i(10p) markers were still present in our analysis performed 1.5 years later. These abnormalities are likely to represent early cytogenetic events of possible pathogenetic importance. Our knowledge of chromosome abnormalities in MTC is very limited. There have only been a few reports on studies of cell lines mainly using conventional banding techniques (Pfragner et al. 1990 , Cooley et al. 1995 . To date, no recurrent abnormalities have been observed. Continued cytogenetic and molecular cytogenetic studies of MTC are therefore warranted. Mutational analysis of the primary MTC and GOT2 cells revealed a homozygous mutation in the RET gene (C634R), located in the long arm of chromosome 10. SKY analysis of GOT2 cells demonstrated two copies of the long arm of chromosome 10, indicating duplication of the mutated RET gene. Allelic imbalance of mutant and wild-type RET alleles with duplication of mutant RET has previously been demonstrated in MEN2-associated MTC (Koch et al. 2001) .
The overall prognosis for patients with nonresectable MTC is still poor. However, the prognosis of individual MTC patients has been difficult to predict from tumor stage, tumor differentiation, ploidy, or biochemical markers. Recently, high Ki67 index was shown to correlate with shorter cause-specific postoperative survival (Tisell et al. 2003) . Half of the MTC tumors can be localized scintigraphically due to expression of somatostatin receptors. Visualized tumors grew more rapidly and aggressively than nonvisualized tumors, indicating that octreotide scintigraphy may be another prognostic tool (Tisell et al. 1997) . The GOT2 tumors had only low expression of somatostatin receptors and are therefore not well suited for treatment by somatostatin receptor-mediated radiotherapy. During the last few years, a new generation of antitumor agents has been developed known as molecular-targeted drugs. The first clinically available molecular-targeted drug was imatinib, which inhibits BCR-ABL, plateletderived growth factor receptor alpha (PDGFRA) and KIT tyrosine kinases, and has become the gold standard therapy for CML and GIST (Druker 2002) .
Imatinib has been shown to inhibit the growth of MTCs (TT cells) in vitro (Cohen et al. 2002) but with doses that are clinically unattainable (Plaza Menacho et al. 2004 , Skinner et al. 2003 . Imatinib has also been shown to retard the growth of TT tumors in nude mice (Ezzat et al. 2005) . Several RET tyrosine kinase Figure 8 Antitumor effect of the tyrosine kinase inhibitor ZD6474 on GOT2 tumors in nude mice. With the daily dose regimen (left) significant tumor regression was seen in the high dose group. With the weeklydose regimen (right) significant tumor inhibition was seen in both the low-and the high-dose groups. Mean values of relative tumor volumes, for each tumor the volume at day 0 was set to 1. *P!0.05 vs controls. **P!0.01 vs controls. Figure 9 Antitumor effect of the tyrosine kinase inhibitor ZD6474 on GOT2 tumors in nude mice. The tumors in the control (left) and the ZD6474 treated (100 mg/kg per day) animal (right) were initially of equal size. After 5 weeks of treatment, the whole tumor in the control animal was viable, while the tumor in the ZD6474 treated animal showed widespread necrosis and a considerable reduction in size.
Endocrine-Related Cancer (2007) 14 433-444 www.endocrinology-journals.org inhibitors, e.g., PP1, CEP-751, RPI-1, and BAY 43-9006 have been shown to exert a growth-retarding effect on tumor cells harboring RET/PTC or RET/ MEN2A oncogenes (Carlomagno et al. 2002a , Cuccuru et al. 2004 Strock et al. 2003) . ZD6474, an orally bioavailable small molecule inhibitor of VEGFR and EGFR tyrosine kinases, have been shown to inhibit the growth of tumor cell lines in vitro and in vivo (Ryan & Wedge 2005) . ZD6474 also inhibits the RET tyrosine kinase and has been shown to have antitumor effects in mice xenografted with human papillary thyroid cancer cell lines with oncogenic RET/PTC rearrangements or 3T3 cells carrying activated RET/ MEN2A tyrosine kinase (Carlomagno et al. 2002b) . Several clinical phase I/II trials with ZD6474 have been published demonstrating objective response in non-small cell lung cancer (Heymach 2005 ). In a current phase II trial, which is being conducted in patients with metastatic hereditary MTC, early results of ZD6474 have shown response in 30% of patients (Wells et al. 2006) . Here, we demonstrate for the first time that ZD6474 effectively inhibits RET driven tumor growth in MTC. In our model, ZD6474 was shown to have a strong antitumor effect with widespread tumor cell necrosis and rapid tumor regression. The doses of ZD6474 used in this study have previously been used in mouse xenotransplant studies with minor adverse effects (Wedge et al. 2002 , McCarty et al. 2004 ). These doses have been shown to result in plasma levels in mice (Gustafson et al. 2006 ) similar to those achieved in man in phase I trials (Holden et al. 2005 ). In conclusion, our studies show that this new MTC model, the GOT2, is well suited to study novel antitumor agents and is supportive of RET inhibition as an effective strategy for the treatment of advanced MTC.
